Fatty acids esters were produced from two Nigerian lauric oils, palm kernel oil and coconut oil, by transesterification of the oils with different alcohols using PS30 lipase as a catalyst. In the conversion of palm kernel oil to alkyl esters (biodiesel), ethanol gave the highest conversion of 72%, t-butanol 62%, 1-butanol 42%, npropanol 42 o/, and iso-propanol24 76, while only 15 yo methyl ester was observed with methanol.
Introduction
Biodiesel is a name applied to fuels manufactured by the esterification of renewable oils, fats and fatty acids. By renewable, it is meant that supplies of these raw materials can be replenished by the growth of plants or production of livestock [l] . For many years, the ready availability of inexpensive petroleum middle-distillate fuels provided little incentive for experimenting with alternative, renewable fuels for diesel engine. T h e energy crisis of the 1970s and 1980s sparked off a 
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renewed interest in the use of vegetable oils as fuel and today the subject continues to attract attention because of the successful results obtained in its applications and the intent to utilize a domestic, renewable resource that provides environmental benefits with lower emissions [2] .
T h e aim of this study was to produce alkyl esters with different alcohols with a view to using the esters as biodiesel fuels.
Materials and methods
Palm kernel oil and coconut oil were obtained from the Experimental Mill of the Nigerian Institute for Oil Palm Research (NIFOR), Benin City, Nigeria. All the solvents used were of HPLC grade and all other chemicals used were of analytical grade.
Enzymic reactions were initiated by adding a PS30 lipase (obtained from Amano Enzyme, U.S.A. Co. Ltd., Lombard, IL, U.S.A.) to a mixture of the substrates in the following ratios:
1 mol of oi1+4 mol of alcohol+lOyo (weight of oil) enzyme.
T h e suspension was placed in a shaking water bath regulated to 250 revs/min at 40 "C for 8 h. At the end of the incubation, the alkyl esters (biodiesel) were extracted with a mixture containing 4 vols. of hexane/ether (1 : 1, v/v) and 2 vols. of saturated NaCl. T h e solution was shaken very well in a separating funnel and centrifuged at 6000g at room temperature for 20 min. T h e upper layer was then taken and another hexane/ether solution was added to the lower layer, shaken and centrifuged. T h e upper layers were then combined and anhydrous sodium sulphate added. This was filtered and dried under nitrogen. T h e dried sample was further passed through glass wool in a column.
T h e overall contents of tri-, di-and monoacylglycerols and free fatty acids, as well as of alkyl esters of the transesterification products, were determined using HPLC as described previously [3] . T h e compositions of the products were identified by comparing retention times with standards of known composition.
T h e fuel properties of viscosity, pour point and cloud point were determined as in [4] 
Results and discussion
T h e results in Figure 1 show the production of 72 O 0 palm kernel oil ethyl ester and 35 O n coconut oil ethyl ester; 1 5°0 palm kernel oil methyl ester and 2 0 0 coconut oil methyl ester; 42"& palm kernel oil 1-butyl ester and 4OnO coconut oil 1 -butyl ester; 42 palm kernel oil 1 -propyl ester and 16", coconut oil 1-propyl ester; 62"/,, palm kernel oil iso-butyl ester and 40 n o coconut oil isobutyl ester and 24°0 palm kernel oil iso-propyl ester and 15 O 0 coconut oil iso-propyl ester.
T h e relatively poor performance of methanol in the production of alkyl esters from vegetable oils is in agreement with the work of Mithelbach [7] , who found only traces of methyl esters when using methanol in the lipase-catalysed alcoholysis of sunflower oil. This low yield of alkyl esters with methanol could be attributed to the unfavourable viscosity conditions, which affect the intimate mixing of substrates with lipase [8] .
From the results shown in Table 1 , the viscosities of the two lauric oils used were decreased by about 70 ' ' 0 upon transesterification. This is in agreement with the theory of Pischinger et al. [9] , that transesterification decreases the viscosities of vegetable oils, thus enhancing their fluidity in diesel engines. These viscosities are within the European specification for biodiesel (6-9 mm2/s) [lo] and Austrian specification (6.5-9.0 mm'/s) [ l l ] . T h e cloud points of 5 "C and 12 "C are within the United States' specifications for prepared biodiesels of between 9 and 15 "C for ethyl tallow, 15 "C for iso-butyl ester of tallow and 17 "C methyl ester of tallow [12] .
Brazilian gas oil (GASOHOL) has a cloud point of 9-19 "C while palm oil methyl ester of Brazilian origin has a cloud point of 1 3 "C [9] .
T h e pour points of 8 "C for palm kernel oil biodiesel and of -8 "C for coconut oil biodiesel are superior to the Malaysian petroleum diesel pour point of 12 "C [13] and the United States' prepared ethyl tallow, which had a pour point of Because cloud point and pour point are coldtemperature properties of alkyl esters, the Nigerian lauric oil alkyl esters (biodiesel) can be used in both tropical and temperate regions of the world.
9-15 "C [12] .
